Introduction: Decision aids are central to shared decision making and are recommended for value-sensitive pregnancy decisions, such as birth after cesarean. However, effective strategies for widespread decision aid implementation, with interactive web-based platforms, are lacking. This study tested the feasibility and acceptability of implementing a Health Insurance Portability and Accountability Act-secure, web-based decision aid to support shared decision making about birth choices after cesarean, within urban, ethnically diverse outpatient settings.
INTRODUCTION
More than 1.28 million US women undergo cesarean surgery each year (Ͼ 1 in 3 births) leaving them vulnerable to repeated surgery in future pregnancies. 1 Despite consistent evidence supporting trial of labor after cesarean (TOLAC) as a healthy and safe option for many women, opportunities to attempt a vaginal birth after cesarean (VBAC) remain limited (Ͻ10%). [2] [3] [4] Many women in the United States receive inconsistent information during pregnancy, and few understand their options for birth after cesarean, despite regular visits to prenatal care providers. 5, 6 Racial disparities compound the situation; non-Hispanic black women have the highest rates of cesarean (35.6%). 1 Women from socially disadvantaged groups are vulnerable to power imbalances in decision encounters with health care providers about their health care. 7 Disempowerment in birth decisions can lead to unnecessary interventions, influencing women's long-term health and reproductive future. All women should make informed and supported decisions about their pregnancy and birth, consistent with personal values. 8, 9 Yet many US women face this critical, potentially life-altering decision in the absence of important information about risks and benefits of options for birth after cesarean. [3] [4] [5] There is no single best option for mode of birth after cesarean. Birth options (planned VBAC vs elective repeat cesarean) have different risks and benefits for women and infants. Health risks are complex and require substantial translation for patient education and counselling. For medically eligible women, VBAC success rates range between 60% and 80%. 4 Severe but rare complications include uterine rupture (0.3%-0.5%) with associated neonatal mortality (0.019%). 4, 5 Women undergoing cesareans face increased perinatal and surgical complications with each subsequent pregnancy. 4, 10 Maternal mortality is 4 to 6 times greater for repeat cesarean than planned VBAC, with multiple cesareans increasing chances of life-threatening complications, including placenta previa, placenta accreta, hemorrhage, blood transfusion, and hysterectomy. 3, 4 Newborn risks with cesarean birth ✦ Ethnoracially diverse women can benefit from technology that facilitates shared decision making.
✦ A web-based decision aid was acceptable to prenatal clients and feasible for health care providers.
✦ Decision aids should be integrated seamlessly into antenatal care planning.
✦ Strategies are needed to improve access and uptake of decision aids in practice.
include admission to intensive care, respiratory distress, and persistent pulmonary hypertension. [11] [12] [13] [14] Long-term consequences for infants born by cesarean include greater risk of asthma or type 1 diabetes during adolescence 11, 15 and possible increased risk of food allergies and obesity. 16 Studies suggest that, given the opportunity, women make birth choices based on individual perceptions of risk for themselves and their infants, previous birth experience, culture, and personal and family fears surrounding birth, as well as personal values. 17 Shared decision making is important when there is no clear best option and decisions are value laden and complex, 18 such as in birth after cesarean. Shared decision making is a dynamic and interactive process in which patients and health care providers share information, working together to make health care decisions. [18] [19] [20] Women need access to decision aids to support shared decision making. Decision aids provide balanced and comprehensible evidence-based information, a process for weighing benefits and potential harms of birth options, and opportunities to make a shared plan with health care providers about the type of birth that is best for them. 5, 9 Decision aids support shared decision making by contributing information and a process of values clarification and preference formation. 8, [21] [22] [23] [24] Decision aids can improve health outcomes, increase satisfaction, improve knowledge about health status, and improve adherence to treatment decisions. 25 Decision aids are valuable tools to address health care provider time constraints, yet as stand-alone tools, their impact is limited. 8 Strategies to implement and integrate decision aids into care have been recommended, but effective strategies for widespread implementation, using interactive web-based platforms, are lacking.
Web-based decision aids should be easy to access and understand, present risk-benefit information visually, tailored to an individual's risk factors, language, and literacy, with interactive values clarification activities. They can fill an important research-practice gap, but only if they are integrated seamlessly within systems of care. This research responds to the movement of decision science beyond the development of high-quality tools toward development and testing of effective ways to integrate decision aids into real world care systems and implementation within diverse clinical practice settings. [26] [27] [28] Building upon a paper-based Birth Choices decision aid, 8 phase I of this study used a participatory approach, engaging targeted users (patients and health care providers) in development and prototype testing of a web-based decision aid. Health information technology (IT) was used to provide an interactive and flexible tool, in which key content could accommodate literacy variation, language (English and Spanish audio), and tailoring of individual factors to increase patient engagement. Figure 1 provides an overview of content and features with selected web-page examples (screen shots). Further details of the phase I development and prototype testing are reported elsewhere. 26 This article presents results from phase II of the study. Objectives of phase II were to assess the acceptability and feasibility of implementing the web-based decision aid in clinical practice environments serving women from ethnoracially diverse backgrounds.
METHODS

Design
A before-and-after study was designed to assess the feasibility and acceptability of giving women access to a Health Insurance Portability and Accountability Act-secure, web-based decision aid as an integral part of prenatal care within 2 ethnically diverse, urban, multidisciplinary outpatient prenatal clinics. The study was conducted according to the protocol and procedures approved by the Yale University Human Investigation Committee.
Sample and Setting
Women were eligible to participate if they were English speaking, aged at least 18 years, and had experienced one prior low transverse cesarean birth with no indications excluding them from VBAC according to criteria published by the American College of Obstetricians and Gynecologists. 29 The recruitment target was 70 women across 2 urban outpatient prenatal clinics in the northeast United States, from February to November 2015. Pragmatic parameters were used for the target sample, based on estimated eligible women attending clinical sites over the 12 months of the study, allowing for protocol completion and 15% attrition after recruitment. Health care providers were eligible to participate if they were caring for women in the study clinics. Figure 2 outlines the study protocol and measures. Eligible women were identified and invited to participate by trained research assistants or clinical providers (nurses, certified nurse-midwives, or physicians) at the first prenatal visit (12-20 weeks' gestation). The research assistant completed the informed consent process. Once recruited, participants completed Survey 1, which included characteristics (age, race, education, employment, pregnancy history), literacy or reading level (using the Rapid Estimate of Adult Literacy in Medicine [REALM] instrument), 30 subjective numeracy (perceived numerical ability and preference for use of numerical information vs prose), 31 and baseline measures (knowledge, 32 decisional conflict, 33 birth preference). Knowledge of birth options was measured using a 15-item Shorten Knowledge of Birth after Cesarean test (Cronbach's alpha = .69). 32 Items in this test include statements about risks and benefits of planned VBAC (TOLAC) versus planned cesarean, requiring a response of true, false, or unsure. Each correct answer equals one point for a total score out of 15. Measures of decisional conflict were obtained using the Decisional Conflict Scale (DCS; adapted for Birth Choices) 32,33 using 5 subscales combined to create a total decisional conflict score out of 5. Lower scores indicate less decisional conflict. 33 Birth preference and choice was obtained by asking women to indicate their preference for mode of birth (planned VBAC, planned cesarean, or unsure).
Procedures and Measures
Women were assisted to create a unique username and password for secure decision aid access. Features and functions were demonstrated, and women were invited to use the decision aid in the clinic waiting room if they did not have adequate data download, internet, or computer access at home. The plan was for all women to have many opportunities to access and use the decision aid during their pregnancy. They were encouraged to use the decision aid when recruited and between scheduled clinic visits. Women were contacted by phone or text prior to Survey 2 (at 32-38 weeks' gestation) to remind them to use the decision aid and offer support for any website access issues. Health care providers were asked to encourage women to use the decision aid as part of routine care.
Survey 2 was completed at 32 to 38 weeks' gestation to assess knowledge of options, 32 decisional conflict, 33 birth choice, and perceptions of decision aid acceptability and usability. Decision aid acceptability was assessed using an adapted 9-item survey. 32 Women responded to statements about the role the decision aid played in their decision-making process on a 5-point Likert scale (from "not at all" to "a great deal"). decision aid implementation feasibility was assessed by asking women about their access and use between scheduled clinic visits (eg, on their home computer or cell phone). If they had not used the decision aid they were asked to share their reasons. Women then completed a one-page My Birth Choices summary and values clarification exercise and were encouraged to share this with their health care provider during their consultation.
Survey 3 was completed at 4 to 6 weeks after birth to assess satisfaction with the decision aid. Women were asked to rate specific components using a 4-point Likert scale (poor, fair, good, excellent), including comprehensibility of instructions, amount of information, balance in presentation of options, and use of features, such as the VBAC success calculator and values clarification exercise. To assess how satisfied women felt with their decision-making experience, we used a 6-item satisfaction with decision scale. 34 Mode of birth was verified using the health record.
After the study period, health care providers were invited to provide feedback during an audio-recorded semistructured interview about the decision aid and to share recommendations for integration into routine care. Health care providers' perceptions of acceptability were queried and their recommendations sought for strategies for future implementation.
Analysis
Descriptive statistics were used to summarize quantitative and categorical variables for all measures assessing efficacy, acceptability, and feasibility. Matched pairs before and after comparison for the total sample who completed both Survey 1 and Survey 2 were conducted (n = 53) to examine changes in knowledge and decisional conflict. Cohen's d effect sizes and confidence intervals were calculated, following guidelines to quantify the size of the effect as low, moderate, or high. 35 A nonparametric Wilcoxon signed-rank test was conducted to test differences between change in knowledge and DCS scores (Survey 1 vs Survey 2), with P values reported that adjusted for multiple testing using false discovery rates (to predict likelihood of Type 1 errors). 36 For feasibility assessment, analysis refined the focus on women who had indicated during Survey 2 that they had used the decision aid. When possible, matched measures comparing women who had used the decision aid with those who had not are provided. To examine differences in characteristics between women who accessed or used the website and those who did not, t tests for comparison of means (quantitative variables) and chi-square tests (categorical variables) were used.
Given the small sample, statistical analyses are not inference based but concentrate on generating hypotheses for future study. We followed the suggested protocol and report P values, adjusted for multiple testing using false discovery rates, and report effect sizes along with confidence intervals. 37 All statistical analyses were performed using R (R Foundation for Statistical Computing, Vienna, Austria). 38 Cohen's d and Cramer's V effect sizes were calculated using the Learning Statistics with R Version 0.5 approach 39 and confidence intervals using the MBESS R package. 40 Health care provider interviews were transcribed verbatim and checked for accuracy. Using a content analysis approach, 2 members of the research team developed the coding categories related to experiences and recommendations for implementing the decision aid into practice, reviewed coded transcripts, collapsed categories into themes, and identified quotes that exemplified themes. Any discrepancies were discussed until consensus was reached. Figure 2 illustrates the flow of participants through the study. Eighty-three women met the eligibility criteria and were invited to participate. Seventy-one (85.5%) women expressed willingness to participate, with 68 (81.9%) providing informed consent. Of 68 women recruited, 66 (97.1%) completed Survey 1 (before) and 55 (80.9%) completed Survey 2 (after). There were 53 (77.9%) who completed both before and after measures (Survey 1 and Survey 2). There were 37 (54.4%) who completed Survey 3 after birth, and 34 (50.0%) who completed all 3 surveys. Table 1 summarizes the characteristics of women who completed Survey 1 (n = 66). Table 2 compares knowledge scores and decisional conflict score before (Survey 1) and after access to the decision aid (Survey 2). Mean knowledge scores increased by 2.58 points, from 6.54 to 9.12 out of a possible 15 points with a high effect size (P Ͻ .01; d = 0.87). Decisional conflict scores were lower in Survey 2 (0.41) compared with Survey 1 (0.86), indicating a statistically significant reduction in decisional conflict (−0.45) with a high effect size (P Ͻ .001; d = 0.69). There was adherence to the women's choice with consistency between Survey 2 preference and recorded birth experience for most women: 26 of 30 (86.7%) who were planning TOLAC at Survey 2 experienced TOLAC; 14 of 18 (77.8%) who were planning cesarean experienced planned cesarean (4 switched to TOLAC); 3 of 4 women unsure at Survey 2 experienced TOLAC, and one experienced planned cesarean. Survey 3 was completed by 37 of 68 women (54.4%) after the birth. The mean score after birth for satisfaction with the decision was 4.50 out of 5 (standard deviation, 0.60; median, 4.67).
RESULTS
Knowledge and Decisional Conflict
Acceptability in Practice
Of 55 participants who completed Survey 2, 39 (70.9%) provided feedback on decision aid acceptability (Table 3 ). For 7 of 9 survey items, between 66% and 72% of respondents reported that the decision aid had helped them "a lot" or "a great deal." In general, only 10% to 15% of women who responded felt that the website had helped them "a little" or "not at all." When asked whether they would recommend the decision aid website to other women, the overwhelming response was positive, with 35 responding "yes" and none responding "no." In the free response section, positive attributes noted about the decision aid were that it was "easy to navigate," that it provided information on "the pros and cons of options," that it was "informative," and that it "helped to answer questions" participants had. There were no recommendations for improvements or items requiring change or addition. The decision aid rated highly for all content and features. Most women rated website instructions, VBAC information (benefits and problems), VBAC success calculator, cesarean information (benefits and problems), and quizzes as "good or excellent" (89.3% -100%).
Feasibility in Practice
Of the 55 women who provided responses to Survey 2, 39 (70.9%) provided feedback on using the decision aid and 16 (29.1%) indicated they had not used it. Specific reasons for nonuse were provided by 5 participants. Reasons given included that they "had not had time to access the website" (n = 2), they felt they "already had enough information to make a decision" (n = 3), and they had "difficulty accessing the site at home" (n = 1).
Analysis of women's characteristics according to use of the decision aid found that women who did not access the decision aid were somewhat more likely to be black (62.5% vs 44.4%), less likely to be Hispanic (25.0% vs 41.7%), and less likely to prefer VBAC at Survey 1 (37.5% vs 61.1%). However, these differences were not statistically significant. Preference for numerical information scores were significantly lower for women who did not access the decision aid (P = .018).
Health Care Provider Feedback
Of 14 eligible clinical providers, 8 expressed interest in giving feedback about the decision aid and strategies to support future implementation into clinic workflow. Five health care providers were available and participated in semistructured interviews. Recommendations emerged from the interviews to facilitate improved decision aid access and implementation into routine care (Table 4) .
Optimal timing of information about birth options was clearly important, and health care providers recommended the decision aid be introduced to women when they are most likely to be receptive. Access early in pregnancy was recommended to allow adequate time for women to use the decision aid prior to decision making at the end of the second trimester. One provider stated:
I think from the beginning to have access . . . especially in the early parts of pregnancy. I think optimal information time is when they are happy in the second trimester before they are physically uncomfortable and after nausea has subsided they tend to be the most receptive and have the most desire.
The second recommendation was for access to the decision aid via the most convenient mobile electronic methods, particularly cell phones. Health care providers had observed that most women in their clinics used cell phones rather than computers: "I think everyone is using a phone or tablet. Very rarely are people actually firing up their actual desktop," even though it is easier to view information on a larger screen: " . . . things are viewed better on a larger screen but people are on their phones." Health care providers were supportive of giving women additional opportunities to use the decision aid in the clinic if they had limited access to the internet at home. Health care providers suggested that women could use the decision aid on a computer in the clinic while waiting for their health care provider consultation: "If they don't have the time or access at home they can sit here and do it. That's not a problem we can certainly give them computer access here and a set of headphones or a room where they can do it at their visit."
To encourage use of the decision aid between visits, some health care providers felt communicating with women through the electronic health record (EHR) patient portal about the decision aid would be feasible in the future. In addition to using the patient portal to access the decision aid, reminder messages or prompts sent via the patient portal could be used to encourage women to access the decision aid and to notify the health care provider that communication has been completed. One health care provider also suggested a checklist to support consultations: " . . . if there was a specific place to go to with your provider. Something with a brief check list, with different topics."
It was unclear to what extent health care providers had discussed the decision aid with women during consultations. There were challenges to ensuring widespread and continuous health care provider awareness of the decision aid during the study. One health care provider reflected, "I am wishing that over the last year or so I had had more awareness of the tool during my visits and I had asked questions." Training of residents, " . . . giving the residents the tools, teaching them how their words are so powerful in influencing a woman's birth decision," was one possible strategy to raise health care provider awareness and improve quality in decision support for women.
DISCUSSION
The web-based decision aid was acceptable and potentially feasible to use in practice as a decision support tool for women in this study. The women, who were mostly black and Hispanic women living in an urban setting, found this platform functional and efficacious. The majority of women indicated that they had accessed and used the decision aid outside of their pregnancy consultation and reported high satisfaction with content and ease of use. Most women experienced improvement in knowledge of their options for birth and reduced levels of decisional conflict over the course of their pregnancy.
Recent studies indicate that women are comfortable accessing web-based information and using mobile devices for information exchange during pregnancy. [41] [42] [43] However, during development and piloting some women shared that they did not have adequate data capacity on their phones to use the decision aid, while others did not have access to a computer at home and felt a paper-based version would be more convenient. Others were generally skeptical about the trustworthiness of web-based materials. 26 Health care providers felt that even though women frequently access the internet for information via phones and other devices, paper-based tools were convenient to share with women and use within consultations. In future implementation work, assessment for different learning styles, preferences, and personal comfort in using either web-based (phone or computer) or paper-based materials in practice is important. Flexible access to paper-based and web-based formats in clinical settings, based on preference, is one possible solution to increase access or use of the decision aid by women.
Women were invited to use the decision aid at a time when they were in the clinic waiting room, prior to scheduled appointments, yet they were sometimes called in early or arrived late to their appointment and did not have sufficient time to use it. Others left soon after seeing their health care provider and did not remain in the clinic to use the decision aid. Some women indicated verbally to research assistants that they preferred to use the decision aid when they were at home and had more time to read. Health care providers suggested scheduling time for women to use the decision aid before and/or during routine appointments to better integrate the decision aid within clinic services and to assign value to the shared decision-making process.
A statistically significant decrease in mean decisional conflict score was consistent with previous research using a paperbased Birth Choices decision aid. 8 There were also indications that women who most needed information about their birth options (having higher conflict levels and lower knowledge scores at baseline) were less likely to have accessed the decision aid. However, overall mean decisional conflict level before decision aid access (0.86) and in the weeks prior to birth (0.41) was low compared with previous research. 8, 22, 23 This was despite evidence in our study that women's knowledge of birth mode options was only modest. The reason for this incongruity is unclear and should be explored in future research.
There was strong support for shared decision making in the clinics involved in this study, and not only were women satisfied with their decision-making experience, but importantly, most women were able to enact their birth choices, with high rates of TOLAC reported (almost 66%). In terms of decision aid acceptability, women who used it felt that it played a role in preparing them for decision making and supporting their decision-making process. Consistent with low levels of decisional conflict, women perceived that they were informed and felt certain, supported, and that their decisions reflected their values. They expected to carry out their birth choices, and high levels of adherence to choice indicate that they did indeed carry out those choices. Decision aids like this one may potentially help to address well-recognized disparities regarding opportunities for women from vulnerable groups to engage in shared decision making. The study should be repeated in other communities, possibly with different ethnoracial composition, health disparities, and learning needs, in order to test the comprehensibility, portability, and linguistic flexibility of the platform.
Limitations
This was a nonrandomized feasibility study with the focus on implementing a decision aid within one geographical area, within clinical settings where collaborative care with midwives and shared decision making is supported. The findings are therefore limited by the pragmatic sample size and the before-and-after design. Maintaining engagement with this diverse group of women to support decision aid access, survey completion, and interview participation was challenging, partly because of inconsistent phone contact, computer or phone data access issues, clinic nonattendance, and transportation difficulties. Despite being interested in improving decision making for birth after cesarean and contributing to decision aid development, health care providers did not consistently integrate the decision aid into conversations with women during routine care. They were also interested in providing feedback but had limited time to schedule interviews outside their clinic schedules. Limited availability of health care providers for interviews meant a small series of transcripts available for analysis. It is unlikely that data saturation occurred; however, feedback from health care providers provided important insight into strategies for future clinical integration.
As this was not a randomized controlled trial, we cannot be certain that changes in knowledge and decisional conflict scores during pregnancy were linked to the decision aid, given the many sources of information available to women during their pregnancies. Self-selection bias can occur, and women who used the decision aid may have been systematically different from those who did not. For example, there appeared to be some differences in ethnoracial characteristics between those who did and did not access the decision aid outside their consultation, with a higher proportion of black women not accessing the decision aid. Preference for numerical information scores were lower in the group who did not access the decision aid, and women with interest in VBAC may have perceived the decision aid to have greater relevance to them. These potential characteristics could be included in future implementation research to identify specific factors related to different levels of decision aid engagement.
CONCLUSION
It is feasible and potentially advantageous to use web-based decision aids to enhance decision experiences for women with previous cesarean, particularly in environments where health care providers support VBAC and shared decision making. The fact that our sample was obtained in an urban setting and consisted almost entirely of women from higher-risk and potentially vulnerable groups in terms of race and ethnicity and other characteristics indicates that ongoing investigation of decision aid integration within diverse prenatal services is warranted. However, we must ensure that all women and their health care providers have convenient access to decision support tools in a format that meets their individual learning needs, at a time and place that will best support shared decision making.
There is potential for web-based tools to be linked directly to EHRs with patient portals for convenient, flexible access. This would enable women to share information with their health care providers throughout pregnancy, submit questions and preferences remotely, and have this discourse documented systematically for seamless care planning. Having infrastructure for health IT or EHRs allows decision aids to be embedded in a way that supports women in rural and remote areas. It will be important in the future to assess whether integrated decision aid strategies enhance patient experiences and outcomes in a variety of settings. More research is needed to assess clinicians' perceptions of the effectiveness of this form of health IT and whether it can support them in providing consistent, up-to-date, time-efficient, evidence-based information to women, with timely documentation of decision making. Further research on reach, usage, efficacy, and user perspectives is required for implementation in diverse populations, practice contexts, and clinical settings. 
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